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Correlating exoenzyme activities, operational parameters, cellular viability and 
EPS in a membrane bioreactor treating domestic wastewater.  
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Domestic   sewage   should   be   subjected   to   purification   processes   before being discharged to streams or 
reused for other purposes. One of the most innovative biological treatment processes is the membrane biological 
reactor (MBR). MBR systems are based on the combination of the activated sludge system and membrane 
technologies to separate the particulate material from water, avoiding the need of a secondary clarifier [1]. One 
of the main operational problems in MBRs is the membrane fouling or biofouling. Bacteria present in the 
biomass of an activated sludge system produce sticky compounds denominated extracellular polymeric 
substances (EPS) which result from active bacterial secretion, shed from the cell surface or cell lysis. Thus, the 
activated sludge floc components are bound together by means of EPS: polysaccharides, proteins, nucleic acids 
and lipids, which provide the mechanical stability to the floc, and mediate their adhesion to surfaces. After long 
time filtration of wastewater, both accumulation of EPS and amount of microbial populations reach to maximum, 
which also indicate the minimum permeating capacity of a membrane module.  There are different factors 
affecting fouling: membrane, sludge characteristics and operation parameters (sludge retention time, dissolved 
oxygen, type of wastewater and food/microorganisms ratio), that also affects the EPS properties. In this study, 
cell viability, extracellular redox activity, EPS (proteins and carbohydrates), exoenzymatic activities (5- 
glucuronidase and phosphatase) from an urban MBR activated sludge have been analyzed. Canonical 
correspondence analysis (CCA), a method of direct gradient analysis, revealed the relationships of exoenzymatic 
activities, cell viability and EPS with the operational parameters and wastewater influent characteristics. 
Phosphatase was correlated with high levels of hydraulic retention time (HRT), while 5-Glucuronidase was 
related with excess sludge production (ESP). Bioreactor temperature (Tr) correlated negatively to 5- 
gucuronidase and phosphatase   in agreement with other works (2).  Results of biplot analysis of   influent water 
showed an inverse relationship between the concentration of total phosphorus (TP) influent and the phosphatase 
and 5-gucuronidase exoenzimatic activities. The influent increase in the availability of C might have contribute 
negatively to the phosphatase activity. 
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Lindane or gamma 1V,2V,35,4V,5V,65-hexachlorocyclohexane is an organochlorine insecticide, persistent in soils 
and aquifers, lipophilic, chemically and biochemically inert that accumulates along the human food chain. It is 
commonly used on a wide variety of crops, in warehouses, in public health to control insect-borne diseases, and 
(with fungicides) as a seed treatment. Lindane is also presently used in lotions, creams, and shampoos for the 
control of lice and mites (scabies) in humans.  Several chemicals as lindane, toxic for aquatic organisms, birds 
and mammals have been in the news recently, since the European Union intend to ban it. Therefore it is urgent to 
clarify the toxicological mechanisms of this compound in eukaryotic cells. Thus the main purpose of this work 
was to evaluate the effects of lindane in the wine wild-type Saccharomyces cerevisiae UE-ME3 of Alentejo 
musts, Portugal, a unicellular eukaryotic organism, described as resistant to the presence of pesticides or metals. 
Cells at mid-exponential phase were inoculated in YEPD medium with 2 % (w/v) glucose and incubated during 
72 h in a water bath with orbital shaking, at 28 ºC, in the absence or in presence of 5 and 50 \M lindane. Samples 
from each treatment were used to obtain growth curves, wet weight and to prepare post-12000 g supernatant, 
used for determination of reactive oxygen species (ROS) [1] by fluorimetry and alkaline phosphatase (ALP) [2], 
glutathione peroxidase (GPx) [3], selenium-dependent glutathione peroxidase (Se-GPx) [3] and cytoplasmic 
catalase (CAT T) [4] activities as well as pellet for determination of peroxisomal catalase (CAT A) [4] activities 
by spectrophotometry. 
The results show that lindane inhibited cell growth of S. cerevisiae UE-ME3, causing a decrease in the biomass 
produced along 72 h, as well as cell viability from 24 h of assay. On the other hand, was detected an increase in 
the ROS content of  post-12,000 g sediment of cells exposed to 5 µM lindane and post-12000 g supernatant of 
cells subjected to any exposure conditions, eventually conditioned by a decline in GPx and CAT T activities, 
which has become the detoxification of hydrogen peroxide less effective. The increase in the CAT A activity 
without significant changes in the ALP and Se-GPx activities  justified, in part, the increase in ROS levels of S. 
cerevisiae exposed to lindane, as well as the loss of cell viability due to inadequate response of glutathione cycle 
or cells signaling pathways that assure lipid biosynthesis. 
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